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ZRUNLQJ SULQFLSOH DQG WKH VHDOLQJ IRUFH WKHQ SURSRVHG VHYHUDO DGYDQFHG VWUXFWXUHV WR LPSURYH WKH VHDOLQJ
SHUIRUPDQFH VXFK DV WKH WKHUPRGLVF VWUXFWXUH DQG GRXEOHH[KDXVW VWUXFWXUH >@ *XR DQG 'DL FRPSDUHG WKH
GLIIHUHQFH RI WKH ULJLG GLVF DQG IOH[LEOH GLVF 7KHLU VLPXODWLRQ DQG H[SHULPHQW UHVXOWV UHYHDOHG WKDW WKH V\VWHP
VWLIIQHVVFDQEHUHGXFHGDQGVKRFNGHIRUPDWLRQHQHUJ\FDQEHDEVRUEHGE\XVLQJWKHIOH[LEOHGLVF>@<XSRLQWHG
RXW WKDW WKH URXJKQHVVRI WKH VHDOLQJ ULQJ DQG WKH VHDOLQJSUHVVXUHZHUH WKHNH\ IDFWRUV LQ LPSURYLQJ WKH VHDOLQJ
SHUIRUPDQFH >@ )DQJ DQG<DQJ LQYHVWLJDWHG WKH SULQFLSOH RI VHDOLQJ LQ 359V >@7KH\ SURSRVHG WKDW FDSLOODU\
SULQFLSOHFRXOGEHHPSOR\HGWRH[SODLQWKHDPRXQWRIOHDNDJHDQGWKHSODVWLFGHIRUPDWLRQRIWKHPLFURSHDNRQWKH
VHDOLQJVXUIDFHZDVFUXFLDOWRPDLQWDLQWKHVHDOLQJSHUIRUPDQFH
,Q VSLWHRI WKHDERYH UHVHDUFKSURJUHVVQR UHSRUW UHJDUGLQJ WKHHIIHFWVRIGLVF IOH[LELOLW\RQ WKH359
V VHDOLQJ
SHUIRUPDQFH FDQ EH IRXQG0RUHRYHU WKHLU VLPXODWLRQ KDV QRW EHHQ YDOLGDWHG E\ H[SHULPHQWV UHVXOWLQJ LQ KLJK
XQFHUWDLQWLHV
,Q WKLV VWXG\ IRU WKH 359V VXEMHFWHG WR LQQHU SUHVVXUH DQG UHFORVLQJ LPSDFW WKH HIIHFWV RI GLIIHUHQW GLVF
IOH[LELOLW\WRVHDOLQJSHUIRUPDQFHZDVEHHQLQYHVWLJDWHG7KHFRQWDFWSUHVVHTXLYDOHQWSODVWLFVWUDLQDQGVOLGLQJRQ




7KH UHFORVLQJ LPSDFW H[SHULPHQW ZDV FRQGXFWHG LQ :XMLDQJ 'RQJZX 0DFKLQHU\ &R /WG &KLQD 7KH
H[SHULPHQWDOVHWXSDQGH[SHULPHQWSURFHVVZDVVWULFWO\DFFRUGLQJWR$60(37&7KHH[SHULPHQWZDVFRQGXFWHG
RQWKHRWKHUIOH[LEOHGLVF7KHGLPHQVLRQVRIIOH[LEOHGLVFH[SHULPHQWHGZDVURXJKO\WKHVDPHDV&$VVKRZQLQ
)LJ  WKH SUHVVXUH UHOLHYH YDOYH ZDV DVVHPEOHG DQG LQVWDOOHG RQ WKH H[SHULPHQWDO VHWXS 7KH IOH[LEOH GLVF











7KH VLPXODWLRQ ZDV SHUIRUPHG XVLQJ $%$486  7ZR IOH[LEOH GLVFV & DQG & ZHUH FDUULHG RXW WR
LQYHVWLJDWHWKHGLVFIOH[LELOLW\HIIHFWVRQWKH359VVHDOLQJSHUIRUPDQFHV7KHGLIIHUHQFHVRIWZRGLVF
VGLPHQVLRQV
ZHUH LOOXVWUDWHG LQ )LJ $V VKRZQ LQ )LJ  WKH GLDPHWHU RI IOH[LEOH JURRYH RQ & DQG & LV PP DQG
PP DQG WKH GLDPHWHU RI FHQWUH ERUH RQ& DQG& LV PPDQG PP WKXV LQGLFDWLQJ WKDW GLVF& KDV D
KLJKHU IOH[LELOLW\ WKDQ & ,Q VLPXODWLRQ VWHP DQG VHDW ZHUH WKH VDPH IRU WZR GLVFV 6WHP VHDW DQG GLVF ZHUH
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7KH PDWHULDO RI WKH GLVF LV WKH PDUWHQVLWLF VWDLQOHVV VWHHO 6$  7KH SDUHQWDO PDWHULDO RI WKH VHDW LV
DXVWHQLWLFVWDLQOHVVVWHHO)DDQGWKHVXUIDFLQJPDWHULDORIWKHVHDWLVILOOHUZLUH6WHOOLWH7KHILOOHUZLUHRI6WHOOLWH
>@ D FREDOWEDVHG DOOR\ LQ D GLDPHWHU RI PPZDV GHSRVLWHG RQ WKH VHDOLQJ ULQJ RI VSULQJORDGHGPDLQ VWHDP
SUHVVXUH UHOLHI YDOYH VHDWVE\R[\DFHW\OHQHJDVZHOGLQJ7HPSHUDWXUHGHSHQGHQW WKHUPRSK\VLFDO DQGPHFKDQLFDO







VWHP E\ VSULQJ DQG WKH IRUFH DSSOLHG RQ WKH GLVF E\ VXSHUKHDWHG YDSRUZDV XVHG WR SURYLGH VHDOLQJ IRUFH LQ WKH
QRUPDORSHUDWLRQRI359V7KHIRUFHDSSOLHGRQWKHVWHPZDVGHILQHGDV(TV
   
 stem s




DSSOLHG DV SUHVVXUH RQ WKH FURVV VHFWLRQ RI WKH VWHP 7KH FRQWDFW SUHVV RQ WKH VHDOLQJ ULQJ RI & DQG &ZHUH
LOOXVWUDWHGLQ)LJZKHUHWKHKRUL]RQWDOD[LVPHDQVWKHGLVWDQFHRIWKHLQQHUVXUIDFHWKHYHUWLFDOD[LVUHSUHVHQWVWKH
FRQWDFWSUHVV7KHPD[LPXPFRQWDFWSUHVVZDVSORWWHGLQ)LJZKHQWKHLQQHUSUHVVXUHLQFUHDVHVIURPWR03D
'XULQJ WKH UHFORVLQJ LPSDFW DQDO\VLV WKH GLVF PDWHULDO DUH VXEMHFWHG WR FRPSOH[ VWUDLQ VWUDLQ UDWH DQG
WHPSHUDWXUH KLVWRULHV 7KHUHIRUH WKH -RKQVRQ&RRN PRGHO >@ ZDV HPSOR\HG WR JLYH DQ DFFXUDWH DQG SUHFLVH
HVWLPDWHRIWKHIORZVWUHVVIRUWKHGLVFPDWHULDOV7KH-RKQVRQ&RRNPRGHOFDQEHH[SUHVVHGDV
$ %  &OQ  7 n mV H H        
ZKHUHı LVWKHHTXLYDOHQWIORZVWUHVVİ LVWKHHTXLYDOHQWSODVWLFVWUDLQA LVWKH\LHOGVWUHVVDWUHIHUHQFHWHPSHUDWXUH
DQGUHIHUHQFHVWUDLQUDWHB LVWKHFRHIILFLHQWRIVWUDLQKDUGHQLQJn LVWKHVWUDLQKDUGHQLQJH[SRQHQWC DQGmLVWKH
PDWHULDO FRQVWDQWV ZKLFK UHSUHVHQW WKH FRHIILFLHQW RI VWUDLQ UDWH KDUGHQLQJ DQG WKHUPDO VRIWHQLQJ H[SRQHQW
UHVSHFWLYHO\ H H H
     LVWKHGLPHQVLRQOHVVVWUDLQUDWHH LVWKHVWUDLQUDWHZKLOH H LVWKHUHIHUHQFHVWUDLQUDWHDQG
T*LVWKHKRPRORJRXVWHPSHUDWXUHDQGH[SUHVVHGDVT*=(T-Tr)/(Tm-Tr)+HUHT LVWKHDEVROXWHWHPSHUDWXUHDQGTrLV
WKHUHIHUHQFHWHPSHUDWXUH7KH-RKQVRQ&RRNSDUDPHWHUVRI6$ZDVQRWIRXQGLQSXEOLVKHGSDSHUDQGWKH




 A03D B03$ n c m 
6$     

$%$486([SOLFLWZDVXVHGWRVLPXODWHWKHUHFORVLQJLPSDFW7LHFRQVWUDLQWZDVXVHGWRFRPELQHWKHVXUIDFHRI
VWHP DQG GLVF 7R VLPSOLI\ WKH UHFORVLQJ LPSDFW LQLWLDO YHORFLW\ RI WKH VWHP DQG GLVFZDV VHW DV PV 7KH
6WHOOLWH ZDV VHW DV OLQHDU HODVWLF PDWHULDO 7KH YHORFLW\  PV ZDV FDOFXODWHG WKURXJK &)' E\ RWKHU JURXS
PHPEHUV7KHFRQWDFWWLPHLV(V7KHGLVWULEXWLRQRIHTXLYDOHQWSODVWLFVWUDLQRQGLVFVZDVSORWWHGLQ)LJLQ
WKHSURFHVVRIWKUHFORVLQJLPSDFW$VVKRZQLQ)LJHTXLYDOHQWSODVWLFVWUDLQFRXQWHUDIWHUWKUHFORVLQJLPSDFW
ZDV SORWWHG 'XULQJ WKH SURFHVV RI UHFORVLQJ LPSDFW VOLGLQJ ZDV RFFXUUHG RQ WKH VHDOLQJ ULQJ 7KH UHODWLYH
GLVSODFHPHQWGXULQJWKHUHFORVLQJLPSDFWWLPHZDVSORWWHGLQ)LJ
5HVXOWVDQGGLVFXVVLRQ
4.1. Contact press distribution 




FRQWDFWSUHVVGHFUHDVHGRQ WZR IOH[LEOHGLVFVDQG WKHFRQWDFW VXUIDFHZLGWK LQFUHDVHG ,QDGGLWLRQ WKHPD[LPXP
FRQWDFWSUHVVRI&LVDOZD\VJUHDWHUWKDQWKDWRI&2QWKHFRQWUDU\WKHFRQWDFWVXUIDFHZLGWKRI&LVOHVVWKDQ
WKDW RI& )RU WKH 359V VXEMHFWHG WR WKH LQQHU SUHVVXUH RI 03DZKLFK LV DURXQG WKH RSHUDWLQJ SUHVVXUH WKH
FRQWDFWSUHVVZDVGLVWULEXWHGRQ WKHZKROHZLGWKRI WKHVHDOLQJULQJ7KHFRQWDFWSUHVVRQ WKHRXWHU ULQJ LV ODUJHU




ZDV PDFKLQHG RQ WKH WRS RI WKH VHDOLQJ ULQJ 'XULQJ WKH LQQHU SUHVVXUH ULVH IURP  WR 03D WKH GRZQZDUG
GLVSODFHPHQWRI WKH VHDOLQJ ULQJPDNLQJ WKHPD[LPXPFRQWDFWSUHVV WUDQVIHU IURP WKHRXWHU UHJLRQRI WKH VHDOLQJ
ULQJ WR WKH LQQHUUHJLRQ)RU WKHVSULQJORDGHGSUHVVXUH UHOLHIYDOYHV WKHFULWLFDOSUREOHPLV WKH OHDNDJHZKHQ WKH
LQQHUSUHVVXUHFORVH WR WKHVHWWLQJSUHVVXUH7KHGLVFZLWKDPRUHIOH[LELOLW\KDVD ODUJHUGRZQZDUGGLVSODFHPHQW
UHVXOWLQJLQWKHJRRGSHUIRUPDQFHRIVHDOLQJ
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,Q WKH H[SHULPHQW WKHGLPHQVLRQVRI IOH[LEOHGLVF URXJKO\ WKH VDPHDV&7KLV FDQ H[SODLQ WKHGLIIHUHQFHRI
SODVWLFGHIRUPDWLRQRIVLPXODWLRQV&˅DQGH[SHULPHQWV
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4.3. Sliding displacement 
'XULQJWKHUHFORVLQJLPSDFWSURFHVVVOLGLQJZDVRFFXUUHGRQWKHVHDOLQJULQJRIIOH[LEOHGLVF$VVKRZQLQ)LJ
 UHIHUHQFH SRLQW DQG VOLGLQJ SRLQW ZDV SORWWHG WR GHWHUPLQH WKH VOLGLQJ GLVSODFHPHQW RI WKH VHDOLQJ ULQJ 7KH
UHIHUHQFHSRLQWZDVORFDWHGLQWKHRXWHUVXUIDFHVHH)LJRIWKHVHDOLQJULQJ$WWKHEHJLQQLQJRIUHFORVLQJLPSDFW
WKHUHIHUHQFHSRLQWDQGVOLGLQJSRLQWZHUHFRLQFLGHG:LWKWKHLQFUHDVLQJRIWKHUHFORVLQJLPSDFWWLPHWKHVOLGLQJ
SRLQWVLGHG WRZDUGV WR WKH LQQHUVXUIDFH WKHQFDPHEDFN WR WKHUHIHUHQFHSRLQW7KH UHODWLYHGLVSODFHPHQWRI WZR
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$VVKRZQLQ)LJWKHVHDOLQJULQJPRUSKRORJ\DIWHUWKUHFORVLQJLPSDFWZDVSORWWHG7KHUDGLDOVFUDWFKRQ
WKHVHDOLQJULQJFDQEHH[SODLQHGE\WKHVOLGLQJRIIOH[LEOHGLVF7KHZLGWKRIVFUDWFKLVDERXWXPZKLFKLVDOPRVW
WKUHH WLPHV WKDQ WKDW RI& ,Q WKH H[SHULPHQW WKH GLPHQVLRQV RI IOH[LEOH GLVF URXJKO\ WKH VDPH DV&7KLV FDQ
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